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Art. XI.—The Tertiary Lake-basin at Florlss'lnt, Col-
orado, between South and Hayden Parks.

By Samuel M. Scudder.

The following remarks are based upon collections and notes made
during @ visit to Florissant in the summer of 1877 in company with
Messrs. Arthur Lakes, of Golden, Colo., and I, C. Bowditch, of Boston,
Mass. As five days only were spent in the place, most of the time was
given up to the collection and care of specimens, so that ouly a general
gurvey of the locality was possible. Mr. Lakes especially gave Lhimself
to the study of the geology of the district, and as he was previously
farciliar with the structure of the surr ouudmg country and placed his
potes at my disposal, the first part of this paper should be considered
our joint production.

GEOLOGY.

The tertiary lake-basin at Ilorissant, already famous for its prolific

 beds of plants and insects, is situated in a narrow valley high up in the

mountains at the southern extremity of the Irout Range of Colorado, at
no great distance from Pike’s Peak. The first, and so far as Tam aware
the only notice of it which has been published, is that by Mr. A. C.
Peale in his account of the geology of IHayden Park and the country
lying between it and the upper caiion of the South Ilatte* As it is
brief, it is given here in full:

“The latter [Beaver Creek] flows to the northwest, and emptlcs into
the South Platte just below the upper cafion.  About five miles from its
mouth, around the scttlement of Florissant, is an irregular basin filled
with modern lake deposits. The entire basin is not more than five miles
in diameter. The deposits extend up the branches of the creck, which
all unite near Florissant. Between the branches are granite islands
appearing above the beds, which themselves rest on the granite. Just
below Florissant, on the north side of the road, are bluffs not over 50
feet in height, in which are good exposures of the various beds. The
following section gives them from the top downward :

«1. Coarse conglomeritic sandstone.

#2, Tine-grained, soft, yellowish white sandstone, with bands that

* Ann. Rep. U. 8. Geol. Surv. I‘err 1873, p. 210. 8vo. Washington, 1874,
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leaves. ‘

“3. Coarse gray and yellow sandstone.

¢4, Chocolate-colored clay shales with fossil leaves. At the npper
part these shales are blick, and below pass into—

#5. Whitish clay shales,

¢ These last form the base of the hill. The beds are all horizontal.
Scattered around are fragments of a trachyte, which prohably caps the
beds. Inone of the valleys Mr. Taggart discovered, near an old well,
“pieces of trachyte, which, on looking at the excavation, was found to be
the first layer penetrated.  The point of overtlow from which this ma-
terial came is probably to the southward, in Dr. Endlich’s district. The
lake Lasin may possibly be one of a chain of Takes that extended south.
ward. Ihad thought it possible that the beds were of Pliocene age. The
specimens obtained from bed No. 1, of the section above, were submitted
to Professor Lesquerenx, who informs me that they are ¢ Upper Ter-
tiary.” ¢ But I do not believe, as yet, that the speeimens of the Green
River group, to which your species are referable, authorize the conelu-
sion of Pliocene age. I rather consider it, as yet, as Upper Miocene,
The species known of our Upper Tertiary are as yet too few and repre-
sented in poor specimens for definitive coneclusion. Your speeimens
have a Myrica, a Cassiay fragments of Saliz angusta (A. Br.), a Rhus, an
Ulmus, and a fragment of a Poa or Poacites.

“The shales were 8o soft und friable that it was rather diflicult to ob-
tain any specimens. ‘

“Abont one mile sonth of Tlorissant, at the base of a small hill of
sandstone, capped with conglomerate, are 0 or. 30 stumps ot silicified
wood. This locality has been called ¢ Petrifiecd Stumps’ by the people
in the vicinity. The specimens of wood are not particularly good.”

- This basin is shown on sheet 13 of the geological atlas of Colorado
published by Dr. Hayden’s survey, and its outlines are marked with con-
siderable accuracy, although upon a comparatively small scale. The
data upon which that sheet was constructed have formed the basis of
the accompanying map, in which the limits of the basin are given with

“closer accuracy and in greater detail. The point of greatest difference
is in the valley of Fish Creek, where we noticed no extended prolonga-
tion of the lacustrine deposits; and as the contours of Dr, I layden’s par-
ties themselves seem to forbid the probable extension of the deposits in
this direction, we have closely limited them to what we saw.

The ancient lake lies in the valley of the present South Fork of Twin
Creek, and of the upper half of the main stream of tlic same after the
South Fork has joined it. Following the road from South Park to Colo-
rado Springs, and leaving it just abovo Florissant ost-Office,* and then

" ® Florissant is merely a post-offico at Castello’s Ranely, whiclt is also provided with
a store, the Lasis of supplies for all the inhabitauts within a radius of fifteen kilome-
ters. One would have to look far to find in Colorado a more comfortable hostelry than
that to which *“ Judge ” Castello will welcome us.

E“fhﬂng the track——half road, half trail—which leads over the divide .
“toward Caiion City, we shall pass between the Platte River and the

v Arkansas divide, throngh the entire length of the basin. This road

erosses the South Platte a short distance, say a kilometer and a half,

. below the mouth of Twin Creek, climbs a long, gradnal slope on the east

g bank of the river to an open, grassy glade, about 2,500 meters above the
gea, and then descends a little more than three kilometers from the river
to join the valley of T'win Creek. Wes rarcely begin the descent before
our attention is attracted by the outcropping of drab-colored shales which
coutinue until almost the very summit of the divide is reached and the
descent toward the Arkansas begun, a traveling distance of not far from
thirteen kilometers.

By climbing a neighboring peak, thrice baptized as Crystal Mountain,
‘Topuz Butte, and Cheops Pyramid, we obtain an admirable bird’s eye
view of the ancient lake and the surrounding region. To the southeast
is Pike’s Peak; to the west, South Dark and the cafion of the South
Platte, shown by « depression; to the extreme south, the gramd cafion
of the Arkansas; while to the north a fow sharp, ragged, granitic peaks

surmount the low wooded hills and ravines characteristic of the nearer
region. Among these Lills and ravines, and only a little broader than
the rest of the latter, lies, to the south, the ancient Florissant Lake
basin, marked by au irregular L-shaped grassy meadow, the southern
half broader and more rolling than the northwestern, the latter more
broken and with deeper inlets.
' Recalling its ancient condition, and it will appear that this elevated
lake must have been a beautiful, though shallow,* sheet of water.
Topaz Butte, and a nameless lower elevasion lying eight kilometers to
its southwest, and which we may call Castello’s Mountian, gnarded the
bead of the lake npon one side and the other, rising three or four hun-
dred meters above its level. It was hemmed in on all sides Ly nearer
granitic hills, whose wooded slopes came to the water's edge; some-
times, especially on the northern and eastern sides, rising abraptly, at
others gradually sloping, so that reeds and flags grew in the shallow
Waters by the shore. The waters of the lake peunctrated in deep inlets
between the hills, giving it a varied and tortuous outline; although
only about sixteen and 2 half kilometers long and very narrow, its mar-
gin must have measured over seventy kilometers in extent. Still
greater variety was gained by steep promontories, twenty meters or more
In height, which projected abruptly into the lake from either side, nearly
dividing it into a chain of three or four unequal and very irregular open
ponds, running in a northwest-southeast direction, and a larger and less
indented sheet, as large as the others combined, connected with the
southwesternmost of the three by a narrow chanuel, and dotted with
Dumerous long and narrow wooded islets just 1ising above the surface.

U

* Tho shallowness of the Like is indieated by the character of the fish, the sun-crack-
Ing of soin of the shales, and the erect sequoin stumps,
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The ancient outlet of the whole system was probably at the southern
extremity ; at least the marks of the lake-deposits reach within a few
meters of the ridge which now separates the waters of the Platte and
Arkansas; and the nature of the basin itself, the much more rapid de-
scent of the prescnt surface on the southern side of this divide, with the
absence of any lacustrine deposits upon its slopes, lead to this conclusion.
At the last elevation of the Rocky Mountain chain, the drainage flow of
this immediate region was reversed ; the elevation coming from a south-
erly or southeasterly direction (perhaps from Pike’s Peak), the lake, or
series of lakes, was drained dry by emptying
tremnity.

at the northwestern ex-

The drainage of the valley now Howed into a brook which fol-
lowed the deeper part of its former floor, and the waters of the region
have sinee emptied into the Platte and not the Arkansas, passing in
their course between Topaz Butte and Castello’s Mountain,

The promontories projecting into the lake on cither side are formed of
trachyte or other volcanic lavas, apparently oceurring in fissures divectly
athwart the general course of the northwestern or upper series of lakes;
and masses of the same occur at many different points along the ancient
shore, such as the western corner where the waters of the lake were
finally discharged; in the neighborhood of Castello’s Ranch; along the
eastern wall of the lewermost of the chain of upper lakes, near where
the present road divides; and at points along both castern and western
walls of the lower southern lake. In general the trachytic flows seem
to Lie confined to the edges of the lacustrine basin, but sowe, if not all,
of the mesas or ancient islands of the southern lake liave trachytic tlows
over them, and toward the sonthern extremity of the lnke a larger island
will be seen npon the map, now forming a rounded Lill with steep north-
ern walls, crowned by heavy beds of dark trachyte, and its slopes cov-
ered with quantities of vescicular scorine.  The rough and craggy knoll
immediately overlooking Castello’s Ranch, the reputed seene of Indian
combats,* was witness of hotter times than those; vertical cylindrical

{holes, with smooth walls, in which a man could lide from sight, funnels
scored by heat, mark, perhaps, the presence of former gey sers; the ba-
saltic rocks themselves are deeply fissured by the breaking up of the

! planes of division between the colgmus, affording the best protection to
the Ute and Arapahoe warriors. But the very shales of the lake itself,
in which the myriad plants and‘insects are entombed, are wholly com-
posed of volcanie sand and ash; fifteen meters or more thick they lie, in
alternating layers of coarser and finer material. About half of this,
now lying beneath the general surface of the groun, consists of hieavily
bedded drab shales, with a conchoidal fracture, and totally destitute of

. fossils. The upper half has been.eroded and carried away, leaving, how-
over, the fragmentary remains of this great ash deposit clinging to the
borders of the basin and surrounding the islands; a more convenient
arraugement for the present ezplorur (,ould not h.um b(-en devxsul That

)
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the source of the voleaunic ashes must have been close at hand seems
abundantly proved by the differcnce in the deposits at the extreme ends
of the lake, as will be shown in the sections to be given. Not only does
the thickness of the ditferent beds differ at the two points, but it is dif-
ficult to bring them into anything beyond the most general concord-
ance.

There are still other proofs of disturbance. Around one of the gran-
itic islands in the southern lake basin the shales mentioned were capped
by from one and a half to two and a half meters of sedimentary material,
reaching nearly to the crown of the hill, the lowest bed of which, alittle
more than three decimeters thick, hmncd a regular horizontal stra-
tum of small voleanic pebbles and sand (A and B of Dr. Wadswortlh’s
note farther on); while the part above is much coarser, resembling a
breecia, and is very unevenly bedded, pitching at every possible angle,
seamed, jointed, and weather-worn, enrved and twisted, and inclosing
pockets of fine laniinated shales, also of voleanic ash, in which a few
fossils are found (C of Dr. Wadsworth’s note). These beds cap the
series of regular and evenly stratified shales, and are perhaps sy nchro-
nous with the disturbance which tilted and emptied the basin. The
uppermost evenly bedded shales then formed the hard floor of the lake,
and these contorted beds the softer but hurdening and therefore more
or less tenacious deposits on that tloor.

The excavation of the filled-up basin we must presume to be due to
the ordinary agencies of atmospheric crosion.  The islands in the lower
lake take now as then the form of the granitic nucleus; nearly all are
long and narrow, bug their trend is in every direction, both across aud
glong the valley in which they rest. Great masses of the shales still

adliere equally on every side to the rocks against which they were ‘

deposited, proving that time alone and no rude agency has degraded
the ancient tloor of the luke.
The shales in the southern basin dip to th(, north or northwest at an
- angle of about two degrees, and an examination of the map will show thut
~ the southern end of the ancient lake is now elevated nearly two hun-
dred and fifty meters above the extreme northwestern point. The
greater part of this present slope of the lake border will be found in the
southern half, where it cannot fail to strike the observant eye upon the
8pot, the southcrumost margin, close to the summit of the divide, buug
” ;llearly two hundred meters higher than the margin next the school-house
- hill,
.. Ourexamination of the deposits of this lacustrine basin was principally
£'made in a small hill, from which perhaps the largest nunber of fossils
ﬁ:have been taken, lying just south of the house of Mr. Adam Hill, and
gupon his ranch. Like the other ancient islets of this upland lake, it
%now forms a mesa or flat-topped hill about ten or a dozen meters high,

Pel'hdps o hundred meters loug and t\\ent) five luoad Around its
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ing as they grew, which are reported to have been five cr six meters
high at the advent of the present residents of the region. Piecemeal
they bave been destroyed by vandal tonrists, until now not one of them
rises more than a meter-above the surface of the ground, and many of
them are entirely leveled; but their huge size is attested by the relies,
the largest of which can be seen to have been three or four meters in
diameter. These gigantic trees appear to be sequoias, as far as can be
told from thin sections of the wood submitted to Dr. George L. Goodale,
As is well known, remains of more than one specics of sequoia have been
found in the shales at their base.

At the opposite sloping end of the mesa a trench was dug from top
to bottom to determine the character of the different layers, and the
section exposed was caretully measured and studied.  In the work of
digging this trench we received the very ready and welcome assistance
of our companion, Mr. Dowditch, and of Mr. 1lill; the owner of the
grounds. '

From what information we could gain about the wells in this neigh-
borhood it would appear that the present bed of the ancient Florissant
lake is entirely similar in composition for at Jeast ten meters below the
surface, consisting of heavily bedded non-fossiliferous shales, having a
conchoidal fracture. Mr. Peale does not say whether the well seen by
Mr. Taggart passed below the trachyte which he says it first entered.
Above these basal deposits, on the slope of the hill, we found the fol-
lowing series, from above downward, commencing with the evenly bed-

ded strata:

Section in sonthern lake.

[By S. II. Scuppes and A, LAKES.}
Centimeters.

1. Finelylaminated, evenly bedded, light-gray shale; plantsand insects scarce

and Poorly preserved ... eeuin i it i e aas aiee i aans 3.2
2. Light-brown, soft and pliable, fine-grained sandstone ; unfossiliterous. .. 5
3. Coarser, ferruginous saudstone ; unfossiliferous .. .. ... oooooeoreonnnn... 3.8
4. Resembling No. 1; leaves and insect remains .......eoeoroieo v .. 21

5. Hard, compact, grayish-black shale, breaking with a conchoidal fracture,
seamed in the middle with a narrow strip of drab shale; fragments of

plants ............ et reieer s U -
6. Forruginous shale; unfossiliferons. .. .. cooceeoieiuninneiom ceeaannann L5
7. Resembling No. 5, but having no eonchoidal fracture; stems of plants, in-

sects, and a small bivalve mollusk . ... e et icceteaaieaaan 9
8. Very fine gray ochreous shale ; non-fossiliferous . ... ... .. ... . ... 0.5

9. Drab shales, interlaminated with finely-divided paper shales of a light-

gray color; stems of plants, reeds, and insects 45

10. Crumbling ochreous shale; leaves abundant, inseets rare .......cocee ... 7.

11. Drab shales ; no fossils : 7

12. Coarse, ferruginous sandstone; no fossils 3
13. Very hard drab shales, having a conchoidal fracture and filled with no-

dules; unfossiliferons..i cme covn vonns coaet teiee e et —aae aeas 63
14. Finely laminated yellowish or drab shales ; leaves and fragments of plants,

with a fow INBeCtS . . oo i e e e alaaae 30
15. Alternatiug layers of darker and lighter gray and brown ferruginous sand- N

stone; no fossils. co. et i it i ieeeieaaaas 10

Centimetors.
16. Drab shales; leaves,seeds, and othor parts of plants, and insects, all in
abundance ool ioiiiiiiiiiiii et cemman e voeraeaa cemmennieen s 61 €——
17. Ferruginous, porous, sandy shale; no fossils ..ocalvmenns ivainaciaaaacos 5.7 ’
18. Dark-gray and yellow shales; leaves and other parts of plants .......... 9
19. Interstratiticd shales, resembling 17 and 18; leaves and other parts of -
plants, with insects ..oveeene vananns Net eeceemens cenent caancs mreranen . 178 &
20. Thickly bedded chocolate-colored shales; no fossils ... ceeiaeion 41
21. Porous yellow shale, interstratified with seams of very thin drab-colored
shiales; planta. oo oo i i icieeiircnns cenane eas emeenee 7.5
22, Heavily bedded chocolate-colored shales; no fossils. ..o ... . coiieaan, 30
23. Thinly bedded drab shales; perfeet leaves, with perfect and imperfect
fragments of plants, and a fow broken inseets .ooooo ool 20
24. Thinly bedded light-drab shales, weathering very light ; without fossils;
PASSIIE IO o it i et e e it e 20
. 925, Thick bedded drab shales, breaking with a conchoidal fracture; also des-
titute of fossiln L i isee et et cera e 18
2. Coarse arenaceous shale; unfossiliferous.... oo iiaaai i, 9
27. Gray sandstone, containing decomposing fragments of some white wineral,

perhaps caleite; no fossils.....o.o...

28. Coarse, ferrnginous, frialile sandstone, with coneretions of a softer mate-

rinly fragments of stems oo oo e e GO (1)
29. Thinly bedded drab shales, having a conchoidal fracture; somewhat lig-

nitic, with fragments of roots, &e .. ooiiiiiiit ot tiaceiiaaner cenans 25
30. Dark-chocolate shales, containing yellowish concretions; filled with stems

and roots of PIANER aee i ia e e it eee ceie e 26

Total thickness of evenly-bedded shales (D of Dr. Wadsworth's note)
above floor deposits ... iil i i e e e (meters) 6. 668

The bed which has been most worked for insects and leaves, and in
which they are unquestionably the most abundant and best preserved,
8 the thick bed, No. 16, Iying half-way up the hill, and composed of
- rapidly alternating beds of variously-colored drab shales. Delow this
“insects were plentiful only in No. 19, and above it in Nos. 7 and 9; in
“other beds they occurred only rarely or in fragments. Plants were always
-+ 8bundant where insects were found, but also occurred in many strata
_-Where insects were cither not discovered, such as beds 18 and 21 in the
EJJQWer balf and bed 6 in the upper half; or were rare, as in beds 10 and
14 above the middle and bed 23 below ; the coarser lignites- oceurred
oaly near the base.

g Ihe thickest unfossiliferous beds, Nos. 20 and 27, were almost uniform
2 character throughout, and did not readily split into laminae, indicat-
i<+ 08 &N enormous shower of ashes or a mudflow at the time of their dep-
£ 2%ition ; their character was similar to that of the floor-beds of the basin.
-nese beds of shale vary in color from yellow to dark brown. Above
gem-all lay, as already stated, from fifteen to twenty-five decimeters of
gFoweer, more granulated sediments, all but the lower bed broken up and
4 ,-,t'l}" contorted. These reached alimost to the summit of the nesa,

g > Was strewn with granitic gravel and a few pebbles of lava.

0¢imens of these upper irregular beds, and also of the underlying
-Were submitted to Dr. M. E. Wadsworth, of Cambridge, who
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caused thin sections to be made from them, and has furnished the fol-
lowing account of their microscopical structure;

TUFA FROM FLORISSANT.

The method and scheme of classification employed hero is that briefly sketched in
the Bulletin of the Museum of Comparative Zoology (vol. v, pp. 275-287). By this sys-
tem only do we think that the inclosed fragments could be named, for they contain
8o few crystals that in most cases the base is the principal thing upon which the
decision must rest.

A.—THE FINER DEPOSIT JUST ABOVE THE SHALES.

A medinm-grained gray tufa, containing crystals and fragments of feldspar, augite,
&ec., cemented by a fine earthy groundmass,

In the thinscction it is scen to be an epitome of the voleanic rocks of the Cordilleras.
The groundmass holds fragments of basalt, andesite, trachyte, and rhyolite, with de-
tached minerals derived from them.

The basaltic fragments have in part a dense globulitic base porphyritieally hold-
ing ledge-formed plagioclase erystals and a few augite granules.  Some of thoe basalt
is quite coarsely crystallized, approaching the doleritic type.  Olivine was observed in
some of the fragments, but it is Jargely altered to a reddish-brown serpentine.  Mag-
netite is abundant. In many of the fragments the groundmass has decomposed to a
reddish-brown mass, which is untransparent and holds clear erystals of plagioclaso,
‘The basaltic fragments have suffered more from alteration and decomposition than
any others in the tufa,

Of andesite, both varieties pointed out by us (1. c., p. 280) occur in this tufa. The
first, which is nearest the basalt in composition, has a brown glass as its base, filled
with microlites. This base holds minute rectangular and oblong crystals of feldspar.
Large microlites of angite and grains of magnetite were scen.  Fragments of this are
common, and are clear and unaltered. The second variety of andesite was seen to
have » denso gray micro-felsitic base, holding ledge-formed feldspars and magnetito
grains. Some contained the reddish brown tibers of the destroyed hornblende.  Frag-
ments of this variety of andesite are quite abundant.

The trachyte has a light gray, folty, and glassy hase, some fragments showing be-
sides this only faint traces of polarization caused by incipient feldspars.  Other frag-
ments show inute, well-formed crystals that appear to be sanidin.  Grains of mag-
netite oceur scattered through the hase. This is also gunite abundant, and it, as well
23 the basalt and andosite, surpasses tho rhyolite in amount.

The rhyolite occurs in the form of a more or less clear glass, often cellular. The
cells are often drawn out in the direction of the original flow, forming a fibrous struc-
ture, which when of a grayish orreddish brown color resembles woody fiber. Some of
the fragments contain elliptical cells, and a few shards of water-clear glass free from
inclusions were seen. . .

Many crystals entire or broken are scattered throughout the groundmass of the
tufa. These erystals belong to plagioclase, sanidin, olivine, magnetite, augite, and
quartz. Dut little quartz was observed; one crystai contained trichites and vapor
cavitics. The trichites are the same as those commonly seen in the quartz of granite,
but this appears to have been derived from the lava. The feldspar contains inclu-
sions of base, glass, and microlites, and through these the rock frow which the feld-
spar was derived can often be told..’ The augites have tho characters of andesitic
angite. A littlo palagonite and ono erystal of microcline wero scen.

The groundmass of the tufa is composed of comminuted and decomposed material
derived from the lavas before described. In the groundmass trachytic and rhyolitic
material appears to proedominate. This specimen was chosen for descrintion. ag it best
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B.—THE COARSER DEPOSIT JUST ABOVE THE SHALES.

This is more coarsely fragmental than any of the others, and is composed of a yel-
Jowish brown earthy groundmass, holding fragwments of quartz, feldspar, basalt, &c.
Some of the fragments appear to belong to the older rocks, but none of them were
gecn in the section.  Under the microscope the tufa is similar to the first one described,
but its fragments are lurger and sometimes better marked. Some kaolinized feldspars
and a little biotite wero seen. Thoe hornblende in the andesito is in the usual broken
forms, with blackened edges.

C.—A SPECIMEN FROM FINER PORTION OF THE UPPER CONTORTED BEDS.

A yellowish earthy groundmass holding crystals and fragments of angite and feld-
spar.  Omn one side is a layer of fine detritus composed of the same material as the
gronmdmass of the more coarsely fragmental portion. Its microscopic characters are
similar to those of A, except that its materials are more decomposed and sauidin is
more abundant.  One kaolinized feldspar was observed,

D.—TuUREX SPECIMENS OF THE INSECT-SHALES.

These are brownish and grayish brown shales, being simply the finer material of the
tufas laid down in laminae of varying thickness and coarseness. One is very thinly
bedded,

This voleanic material has evidently been worked over by water, but the conditions
ean of course best bo told in the field.  So far, however, as we can judge by micro-
scopic examination, when the water commenced its work the material was in loose
unconsolidated deposits. That it was thrown out as an ash, or rather deposited
a8 a moya near its present location, is the most probable supposition. It seems
then to have been taken np by the waves and spread out as it is now found. The
reason for this opinion is that the fragments are not worn as they would naturally
be if they had been derived directly from solid rock by water action, and the decom-
position is not so great as we should expect. The deposition appears to have been
gentle bat comparatively rapid, for there is nosign of violence or even of such decom-
position as we shonld oxpect in slow deposition ; and showers of ashes falling on still
water or a lake acting ou an unconsolidated tufa bank answer best the conditions called
for here. It is probable from the kaolinized feldspars and the macroscopic fragments
of apparently older rocks that tho latter are present in the tufa tosome extent. “This
can best be explained by tho supposition that it was deposited as n moye or mud-
flow within reach of the waters that have worked it over and deposited it in its pres-
ent position. As we said befure, the field evidence must be relied upon mainly in
deciding such questions as these.

M. E. WADSWORTIIL
CAMBRIDGE, Mass., April 15, 1880,

Another section, less carefully measured and noted with less detail
ﬂ.lan the other, was taken at or near the same place as Dr. Peale’s, men-
tioned at the beginning of this article, viz, at the extremity of one of
the promontories jutting in a southwesterly direction into the middle of
the upper chain of lakes, just west of the school-house* and about three
kilometers west of Castello’s Ranch.  The top of the hill was covered with
granitic gravel and loose bowlders of dark scoriaceous trachyte; below
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this we found, passing, as before, from above downward, the following
succession:
Sectlyn in the northwestern lake.

{By 8. II. ScUDUER and A, LAkes.}
Pecimeters (estimated),

1. Finely laminated yellow-drab shales; nofossils.. . oo, o oo o.s 12

2. Coarse decomposing yellowish shales; no fossils.. ..o oo iinoiievaaans cen 12
3. Tine compact drab shales; perfeet remains of plants and insects. DPassing

B 1Y 2 S 15

. 4. Arvenaceouns shales; very lignitie. ..o oo oo aen Ceemeaearan s 6
5. Heavily bedded, coarse-grained, ernmbling sandstone, of a grayish vellow

and whitish color, becoming ferruginous in places; partially lignitic. ... 60

6. Chocolate and drab colored shales having a conchoidal fracture, passing helow
g 5 1 14

into whitish paper-like shales inclosed between coarse arenaceous lam-
inae; plants and insects

Total thickness of shales above floor deposits. .......(Meters, estimated) 15

These measurements being estimated are undoubtedly too great,  The
. composition of this bluff is coarser in character than that of the section
in the southern extension of the lake.- The lignitic beds, which have
been used for quarrying purposes, contain numerous fragments of reeds
and roots not well preserved.  The lower portions of the section corre-
spond better with the other than do the upper beds, where it is diflienlt
to trace any correspondence; No. 3 of the northwestern seems, however,
to correspond to No. 16 of the southern series. The whitish paper shales
Iving at the base of this appear to be entirely absent from the southern
section, and the distorted beds which erown the mesa are not apparent
in the blufl, or, if present, are wholly regular. A more careful and de-
tailed section of the bluff (for which we had not time), and particularly
the tracing of the beds along the wall of the lake, would probably bring
to Jight better correspondences. Directly in front of Judge Castello’s
house, at a level of a little more than 2,400 meters, is a bed of fossil fish.
Judging from the present physical condition of the basin, its age is
marked as later than the movements which closed the eretaceons epoch
and earlier than the last upheaval in the tertiary, which seems to have
taken place during or after miocene times, but there are no physical
data yet at hand to Warraut definite coucluswns on this head.

PALEONTOLOGY.

The insects preserved in the Florissant basin are wonderfull y numer-
ous, this single locality having yielded in a single summer more than
double the number of specimens whieh the famous localities at Oeningen,
in Bavaria, furnished Heer in thirty years. H: aving visited both places
I can testify to the greater prolificness of the Florissant beds. As 8
rale, the -Ocningen specimens are better presery ed, but in the same
amount of shale we still find at Florissant a much larger number of sat-
isfactory specimens than at Oeuingen, and the quarries are iifty times
as extensive and far more easily worked.

I8SANT, COLORADO.

The examination of the immense series of specimens found at Floris-
sant* has not gone far enough to yield data sufficiently definite for gen-
eralization of any value, or which might not be altered or even reversed
on further study. It may, nevertheless, be interesting to givea ranning
potice of what has been observed in assorting the collection, and to
make the single comparison with the Oeningen insect fauna which the
pumber of individuals will furnish. This is indicated by the following
table, based on a rough count of the Florissant specimens, but which
cannot be far astray:

At l
Tercentago of representation by— Florissant. ! O "m(,, n
. o o

Hymenoptera gg \ 1
Di | 1 i . - ]3 4;%
Coleoptera 1 8
Hemipter : I
Neuropte i
OTtHOPEETIL £ e e eaitan cvvans caraaranceaaseerisacsnsecr aassanaaasnasrons vesnes i H
Arnchnitlis ooes it i i iiiie i ieeacaeacrearccac s sas s e e

Myriapodid o it i it ieeerteaterecma i cns ctaerares s aeaeonas ,? 5 ,
Lepidoplera con oot iiaer i i iieatte st e et a e 2% ‘ 1o

’ 4. 58 1016

It will be seen that the proportion of specimens of each order is very
different in all that are well represented, with the sole exception of the
Hemiptera, while the same groups (Orthoptera, Arachnida, Myriapoda,
and Lepidoptera) are feebly represented in both. The greatest differ-
ence occurs in the Diptera, which are less than 7 per cent. of the whole
at Oeningen and about 30 per cent. at Florissant; in the Hymeénoptera,
which have less than 14 per cent. at Oeningen and 40 per cent. at Ilo-
rissant, due largely to the prodigions number of ants; while the case is
reversed in the Coleoptera, which form nearly one-half the specimens
found at Ocningen and only 13 per cent. at Florissant. WWe possess no.
count of the specimens found at Radoboj, in Croatia, which is regrettable,
since the fauna of Florissant appears to agree much better with it than
with any other, at least if one may judge from the comparatively minor
part played by the Coleoptera and the great number of ants; these lat-
ter number 57 species in Radoboj, and one of them has furnished 500
specimens.  Still the comparison cannot he carried very closely into.
other departments; for instance, only one rhynchophorous Coleopteron
has been reported from Radoboj, while they are very numercus and rich
in species at Florissant, and local causes must have had much to do
with the fauna of each of these localities. It is hardly worth while to
institute any inquiries into the proportion of the groups represented at

" Florissant and in amber, since the nature of the entombment is entirely

dlﬂ‘erent

‘ Let us pass, then, to a rapid sketch of the I‘lonsmnt inseet f.mm.

n..._’_._._ ——

* Among these are included about 1,000 specimens submitted by the Prineeton expe-
Aition.
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from which as yet only 16 specics have been pnb]whed these will be
enumerated in their proper place.

In Hymenoptera none have yet been deseribed.  About a dozen speci-
mens are referred to Apidae and Andrenidae j several species are rep-
resented, but most of them are badly preserved; the largest appears
to be a Bombus., Of Vespidae and other large wasp-like Iymenoptera
about 70 or 80 specimens have been found, referable to about 30 species,
one of which is a large Scolia or allied genus; several are Sphegidae,
inclnding an Ammophila ; one, which scems to be a Polistey, shows traces
of a blue-green metallie tint; another, apparently one of the Pompilidae,
represents a species with a large subapical fuliginous spot on the wing;
another, perhaps of the same family, has a cireular clear spot in the
center of the wing, surrounded with fuliginons.  The ants are the most
numerous of all insects at Florissant, comprising perhaps a fourth of all
the inscets; they form more than three-fourths, perhaps four-fitths, of
all the Ifymenoptera; 1 have already about 4,000 specimens of perhaps
50 species (very likely many more); they are mostly Formicidae, but
there are not a few Myrmicidae and some Poneridac. T have noticed no
Mutillidae. Ichneumonidae are very numerous; of minuter forms, hav-
ing an expanse of wing of less than a centimeter, there are nearly 200
speeimens, unusually well preserved ; judging from a cursory examina-
tion they are exceedingly numerous in species, perhaps 80 all told, and
many genera are represented; the larger forms, whose wings expand
more than a centimeter, are even more numerous, both in species and
individuals, and most of them are very fine, inclnding a great varicty,
among which are especially noticeable & good assortment of species of
Pimnpla and allied genera. I have looked in vain for Pelecinus, or any

Jong-tailed Rhyssae or Thalessae. The Braconidae, Chalcididae, Cyni.

pidae, and Chrysidae, exceeedingly few fossil species of which have ever
been described, are very abundant, but have not been fairly separated
from each other and from other small species; together they number
nearly 250 specimens and probably 50 specics.  Among others there is
a Chrysis, showing metallic green reflections on the abdomen; and also
aore than half a dozen species of Chalcididae, with expanded femora,
represented by over 20 specimens. Finally, there are about 60 Ten-
thredinidae of 14 or 15 species, and several genera; besides a single
species of Uroceridae.

A few Lepidoptera occur, One butterfly in a most admirable condi-
tion has already been deseribed under the name of Prodryas Persephone,
and there are two more diurnal species, each represented by a single
specimen aund each also generically distinct from any living forns, but
yet falling in the immediate vicinity of those most nearly allied to
Prodryas, namely, among the highest Praefecti. Besides these there
are a couple of poarly-preserved buttertlies of uncertain position, and
1 have also set aside .about a dozen specimens of perhaps 8 species of
nocturnal Lepidoptera; bat they are obscure, mostly of small size, perhaps
Pyiralidae or Tortricidae, and have not been eritieally stndied,
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Nearly a third of all the specimens I have seen from Florissant belong
to the Diptera. Culicidae and Chironomidae are abundant, but not
generally very perfect. Tipulidae are abundant and admirably pre-
served ; of the larger forms alone there appear to be several hundred
specimens, and apparently a considerable number of species. The
smaller Tipulidae, including the Limnobina, are also abundant and well
preserved.  Some beantiful Mycetophilidac have been noticed, but these
have not yet been selected from the mass of smaller flies.  Bibionidae
are the prevailing type among the Diptera; there must be 1,000 speci-
mens belonging to this family, and on a cursory view there appears to be
no great variety; probably both here and in the ants, as in some genera of

“plants, it will appear that there are vast numbers of a single species; o

great many specimens ure represented by bodies ouly, ot these accom-
panied by insignificant fragments of wings; but even putting all these
aside, there remain a goodly number with tolerably perfect wings, and
some in which alinost every part of the body is preserved; taken as a
whole, however, they are perhaps less perfect than specimens of alinost
any other family. There are 2 dozen or more Stratiomyidae, of two or
three species; and several species of Midasidae or Hermoneuridae, one
admirable specimen of the latter family having been described as be-
longing to a new genus uusder the name of Palembolus florigerus. There
are nearly half a hundred Asilidae and Therevidae, many of them ex-
quisitely preserved, some of great size, and among them a fair variety
of forms. Bombylidae are somewhat less abundant, but show some
superb specimens of great size and in wonderful preservation; there
are certainly six or eight species.  Syrphidae are more abundant than
the last, nearly 50 specimens having been found, in which the patterns
of the abdominal colors are generally well marked, and among which
we find a considerable variety. There is a vast host of Muscidae and
allied groups, of which no account has yet been taken, and with which
no doubt many other forms are still commingled; but three or four
species of very pretty Ortalidae may be mentioned, with ten or a dozen
specimens.

About three-fifths of the Coleoptera belong to the normal series and
two-fifths to the Rhyncophorous division. There are 80 to 90 specimens
of Carabidae, including perhaps 30 species; many of themn are very fine
aud perfect, especially in the sculpturing of the elytru. Water-beetles
are not 50 numerous as would be anticipated; there are not more than
60 or 70 specimens, with perhaps twenty species; there are no large
Dytisci, such as occur abundantly at Oeningen; the largest of our spe-
cies, perhaps an Hydrophilus, not exceeding 12»= in length. The
Staphylin'dae are rather more numerouns thaug the ground-beetles, with
nearly 30 species, some of them tolerably large.  There are half a dozen
species of Nitidulidae. Some 60 or more Scarabeidae show considerable

rariety, there being nearly 30 species among them. Nearly as mauy
Juprestidae have auite as sreata variety of form 3 a considerable number

7 df1qQT ‘ I8pPNOC



292 BULLETIN UNITED STATES GEOLOQGICAL SURVEY., ([Vol. VL

»f them are large and nearly all fairly preserved, some remarkably per-
fect; onespecies, Chrysobothxis Haydeni, has been deseribed.  Elateridao
are more abundant, numbering more than 100 specimens, many of thein
in beautiful condition ; theyarc abundantin species,over 40 having been
separated, and are mostly of a medium, none of a large size.  Consider-
ably over 100 specimens are to bereferred to the Meloidae, Mordellidae,
and. Malacodermata, but the specimens do not appear to be very well
preserved, although about 40 species may be distinguished.  The Ceram-
bycidae are very beautiful, furnishing 30 or more specimens, representing
more than half asmany species; one fine species of a new extinet genus,
Parolamia rudis, has already been deseribed, and there are others equally
fine. There are a dozen or more species of Bruchidae, one of which,
Spermophagus vivificatus, has been published.  Chrysomelidae are not
ancommon ; thus far I have recognized abont two dozen species among
the 60 or 80 specimens; one, Oryctoscirtetes protogaeus, belonging to a
‘new genus, has already been published.  Nearly twenty species ot Tene-
hrionidae have been separated, ravely represented by more than a single
specimen eacly, and there are also a few (from 2 to 10 species each) of Sil-
phidae, Histeridae, Dermestidae, Ptinidae, and Coceinellidae, and a single
species each of Cleridae and Telephoridae, the latter already described
under the name of Chauliognathus pristinus. 'Two species of Rhyneho-
phora, Anthonomus defossus and Furhipus occultus, have been desceribed.
I have already mentioned the predominance of this type in opposition to
the European tertiaries. The species are very numcrous, nearly 120
bhaving been separated with over 500 specimens, and among them are a
goodly number of large and fine species; but some of the minutest aro
most admirabiy preserved; especially is this true of the sculpturing
of the thorax and elytra; no attempt, however, bas yet been made to do
more than rudely separate the species, so that no details can now be
given.

Among Hemiptera, to which eleven plates will be devoted in the report
in preparation, Heteroptera are somewhat more numerous than Homop-
tera, both in- individuals and species. The Heteroptera present a great
variety of forms, over 100 species having been detected, three-fourths
of which ean Dbe referred to their proper place; they will occupy seven
plates. Lygacidae, Reduviidae, and Pentatomidae abound. Corima-
laenidae of several species are very comimon; but the most common of
all are one or two species of Alydina (oneof the groupsof Coreidac), com-
prising perhaps a third of all the Heteroptera. There are two species
of Aradidae, and half a dozen specimens of a very pretty species of
Tingis, well presorved; but in gencral the preservation of the Heterop-
tera is not so good as of the Homoptera. Very few water-bugs occur,
but there are two or three species, among them a slender and very prettily
marked Corixa. There are about 65 species of Homoptera, of which
nearly one-half belong to the Cercopida. One genus, resembling Ptyelus,
is represented by a dozen or more species, comprising together perhups
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nine-tenths of all the Homoptera, some of the species being represeunted
by 40 or 50 specimens. There are a few large Fulgoridae; one has the
long recurved process of the head almost perfectly preserved. Twogigan-
tic Aphrophorina have already been deseribed as belonging to a hesw
genus, and been named Petrolystra gigantea and P. heros; but as a whole
the species are of medium size, with some minute and slender forms, the
position of which is as yet undetermined. Plant-lice are common, and
include probably 8 species, all Aphidiinae excepting one, which ix
referred to Schizonenridae; an entire plate is devoted to them. Many
of the Homoptera have their markings beautifully preserved j espeeially
is this the case in a variegated Typhlocypha or allied genus, and the
venation of others isas complete as in the living form.  No Stridulantia
have oceurred.

Sixty or seventy specimens of Orthoptera have been found, all the
families being represented excepting Gryllidae and Mantides. Six speci-
mens and nearly as many species ot Locustariae are present; the finest,
belonging to a new genus, has been deseribed under the name of Li-
thymnetes guttatus.  'There are about the same number of Aeridii, a
single species of Phasmida, and two or three Blattariae, one of which
has been described under the name of Homocogamia ventriosus,  But the
mass of Orthoptera, ineluding about 50 specimens and 8 to 10 species,
belong to the Forficulariac; two of them, Labidura tertiaria and L.
lithophila, have been deseribed, but they are among the least interest-
ing, several of the speeies exhibiting forceps of very great length; an
entire plate has been devoted to them in a forthcoming report, and the
remaining Orthoptera will oceupy another.

The Neuroptera are made up in large part of Phryganidae, but no
larval cases have been preserved; there are about 100 specimens repre-
senting 15 or 20 species which are determinable, and which oceupy one
plate of the report and parts of others; besides these there are several
hundred which perhaps a severer study will classify; one species has
wings 2 centimeters long, while others are minute; several of the sub-
families appear to be represented, true Phryganidae certainly, and prob-
ably Rhyacophilidae, Leptoceridae, and Hydropsychidae. A single fine
species of Panorpidae has been foiand, forming a new genus, and already
described as Iolcorpa maculosa.  Seven or eight species of Plannipen-
nig, including fifteen specimens, occupy a phate by themselves; they
mostly belong to Raphidia and Nothoehirysa, or to new genera nearly
allied to them or to Chrysopa and Nyniphon. A dozen specimens of
Odonata have occurred, among them two species each of Aeschna,

: Agrion, and a new genus allied to Podagrion and Dysagrion (the latter
of the Green River shales), which I shall call Lithagrion ;” the wings are
- Preserved, some of them most exquisitely; besides these two larvae,
(one of an Aeschina, the other of an Agrion. A single adult specimen
<80d one or two larvae of Ephemeridac have oceurred ; a single species
i._?f Perlidue, represented by adult specimens and others Ly immature
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individualsy and a single Lepisma. 26 specimens of Termitina have been
found, belonging to six species and three genera; among the specimens
is a single worker, with oue exception the only one that has ever been
tfound fossil; four of the species and two genera belong to the section
with branched, the others to that with unbranched scapular vein,  This
is the same proportion as holds with the sixteen species of the European
tertiavies, where eleven belong to the fivst, five to the second section ; of
living types, on the contrary, only 35 per cent. belong to the first, 65 per
cent. to the second section. Three of the species helong to a distinet genus
which T eall Pavotermes, apparently peculiar to America, but possibly
including some from the European tertinries; another is doubtfully ye-
ferred to Hodotermes, which has firnished fossil species from several
localities in Lurope, as well as among living forms; while the other two
probably belong to Buatermes and are allied to species from Radobaj,
placed with many modern types in this group.  Caloternies, which has
furnished species from amber and the Rhenish basing Termopsis, which
has more fossil @mber) species than recent; and Termes proper, which
is represented at Oceningen and Radoboj, as well as in amber and on the
Rhine—all scem to be wanting at Flovissant the composition of the
tertiary white-ant fauna of of Florissant therefore ditfers considerably
from that of any locality in Ilurope; but it most nearly resembles that
of Radoboj in Croatia, where a like number of species has been found.

A single plate is devoted to the Arachuida, of which there are about
30 species and more than 70 specimens; all of them are Araneac; they
Lave not yet been carefully studied, but fally half of them appear
to be Epeirinae; of the others there are from three to five species each of
Theridioidae, Drassoidae, and Thomisinae, and one or two each of Aga-
lenoidae, Dysderoidae, and perhaps Attoidae; they belong, theretore,
mostly to the highest groups.  Among the Epeirinae is one genus repre-
sented Ly several species, which scems distinet from any that have been
characterized ; it is a compact, short-legged form, whose front and see-
ond legs are remarkably stout. Unfortunately the eyes are scarcely ever
preserved in any of these fossils and the correct determination of their
affinities rendered much more ditlicult and uncertain, There is one
striking forin, a species of Nephila, with spreading bunches of hair on
its legs as in our . plumipes, but yet differing decidedly from that. As
a wholé the arachnid-fuuna appears rather uninteresting, and to have
few features in common with that of the Prussian amnber.

The only Myriapod is a large species of Tulus, represented by half a
dozen fragments, in which only the body segments are preserved.

Finally there is an odd form of animal, which althongh abundant and
tolerably preserved is still of doubtful position. It is flattened onisci-
form in shape, the body generally arched, and appears to be formed of
ounly four nearly equal segments; ecach of the first three bears a pair of
long swimming (?) legs bem-iug'zf two-jointed tarsus armed with a single
claw, both femur and tibia being compressed, expanded, and the latter
fringed with hairs. The first segment has a median slit anteriorly, but
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there is no sign of & head on the 30 or 40 specimens examined, although
the anterior portion of the alimentary canal appears to be extensile,
peing frequently preserved as protruding beyond the limits of the body
and armed at the tip with a broken chitinous ring. There are no other
mouth parts nor signs of eyes or antennwe.  The abdomen is furnished
at tip. with o set of harder converging parts, which look as if they
served the purpose of dragging tho body backward. Larvae of any
sort are exceedingly rarve in the Florvissant deposits, and there is no
group known to me to which this seems to bear any similitade.  There
are sometimes taint indications of several joints to the abdomen, Lut
when closely examined these appear to be illusory; and this would
certainly exclude it from the Crustacea, unless indeed it belonged, as
has been suggested to me by Professor Hyatt, to a parasitie type. 1t
is from 5 to 10+ long.

Animal remains besides those of inseets are rarve at Florissant.  The
most abundant is a species of thin-shelled Planorbis, whicli is not un-
common, and always occurs in o more or less crushed condition it is
the only mollusk yet found there (excepting a single small specimen of

a bivalve, referred to above in the section from the southern lake), and -

according to Dr. C. A. White is probably undescribed, although very
similar to a species found in the Green River shales, differing trom it
principally in its smaller size,

Fishes rank next in numbers.  Hight species have been found, be-
longing to four genera; of Amiidae we have Amia scutata and A. dicty-
ocephala; of Cyprinodonts, Trichophanes foliarum and 1. Copei; of
Catostomidae, Admyzon pandatum, A. commune, and A. fusiforme; and
of Siluridae, Rhincastes pectinatus.  All the species have been described
by Cope* excepting 1. Copei, which was published by Osborn, Scott, and
Speir. :

Several bird’s feathers have been found in these beds, and a singl
tolerably perfect Passerine bird, with bones and feathers, has been de-
scribed by Mr. J. A. Allen under the name of Palacospiza bella, and
admirably illustrated by Blake. No other figure of a Florissant animal
has yet been published. Besides these, Professor Copo has just de-
scribed a plover, Charedinus sheppardianus, and writes that a finch is
also found in these beds.

The plants, althougl less abundant than the insects, are exceedingly
numerous, scveral thousand specimens having already passed through
the hands of Mr. Leo Lesquercux.  Of these he has published 37 species
in his Tertiary Ilora,t about two-fifths of which are cousidered iden-
tical with forms from the European Tertiaries. Of other specimens
which Le received afier the publication of that volume, he has alrcady
given a cursory aceount in the annual report of Dr. Iaydew’s survey for
1876. e bhas also mentioned others in his review of Saporta’s Monde

*Seo Bull. U. 8. Geol. Surv. Terr. 2d ser., No. 1, pp. 3-5, 1875.
tReport U. 8. Geol. Surv. Terr,, vol. 7. 4to, Washiungton, 1578,
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des Plantes, and still others in letters. From these sources and from
memoranda communicated by him based on the plates of the Florissant
species prepared for the eighth volume of Hayden’s Report, the follow-
ing review is drawn:

Among the exogenous plants the following polypetalous fumilics are
represented: :

Some flowers with long stamens are referred doubtfully to the genus
Bombax, one of the Malvaceac. Of Tiliaceae, a species of Tilin has
been found ; of Rutaceae, one species of Ailanthus. Of Anacardiaceae,
three species of Rhus arve described wuder the names Eransi, rosae.
Jolia, an Haydeni, aud three or four others mentioned.  Of Juglandeae
one species, and one of Zanthoxyleae. Of Rhammnaceae, Palivrus Floris-
santi is the only species. A few leaves of Celastrus represent the Celas-
traceac. The Sapindaceae are very abundant, three genera ocenrring;
- leaves of Staphylea acuminata, numerons specimens of Sapindus stellar-
facfolius and S. angustifolius, as well as of two or three other species
of the same genus, and two species of Acer, represented by flowers,
leaves, and fruit.  The flora has a large number of Leguminasae, of the
genera Robinia, Colutea, and Cassia, besides sAeacia septentrionalis and
Mimosites linearifolius, described in the report mentioned. The Rosa-
ceae show a Prunus, leaves of Rosa, and species of Spiraea, with very
finely preserved leaves of an Amelanchier, searcely distinguishable from
some of the varicties of the living species. Liquidambar curopacum Al
Br. represents the ITamamelidae; numerous leaves of Weinmannia, the
Corniculeae; and, finally, there is a single species of Araliuceae, closcly
allied to Aralia multifide Sap. Excepting the Liqunidambar none of the
Polypetalae have been shown to be identical with European forins.

Among the monopetalous plants the Ericaceac are represented by
Vaccinium reticulatwm Al. Br., together with one or two species of Andro-
meda. Two species of Ilex, one described as I, subdenticulata, represent;
the Aquifoliaceae; one of Diospyros, the Ebenaceae; a specics of Catalpa,
the Bignonaceae. Olecaceae have a flowering branch of Olea and four
species of Fraxinus, one referred to ITeer'’s I, pracdicta and another de-
scribed as new under the name of F. Brownelli.

" The apetalous angiosperms show a great variety of forms at Floris-
sant, and among them many are referred to species from foreign tertia-
ries. Urticacea are the most numerous of all plants; three species of
Ulmaus occur, U. tenuinervis Lesq., peculiar to Florissant, U. Draunit
Heer and U. Fischeri ITeer, both from the European tertiaries ; of Celtis
there are leaves having a close aflinity to the existing C. occidentalis
and its variety integrifolia Nutt.; they may, however, represent two
species; a single species of Ficus represents a European form, F. lan-
ceolata Heer; but the mass of specimens—nearly or quite onc-half of
all that lhave been Lrought from this locality—represent species of Pla-
nera; Lesquereux states that he has at least two thousand speciriens
of ‘leaves of Planera longifolia [Lesq.] and of its varieties, which comne
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near Planeri Ungeri [Fttingsh.], and perhaps anotlier species of the
same genus”  The Juglandaceae are represented by single specimens
of Juglans thermalis* and DPlerocarya americana, besides species of Pal-
aeocarya and Engelhardtia. The six Cupuliferae recorded are all Euro-
pean speeies, viz: Quercus neriifolia Al Br., Q. drymeja Ung., Q. salicina
Sap., Q. antecedens Sap., Carpinus grandis Ung., and C. pyram idalis Ieer.
The Myricaceae are the next most abundant type after Planera, being
represented espeeially by Myriea acuminata Ung., and Callicoma micro-
phylle Ettingsh. (a true Myriea), both European species ; there are, be-
sides. 1o less than seven other species of Myrica, one of them referable
to the European species, M. Ludriigi Schimp., another to a variety, acuti-
loba, of another Turopean species, M. latiloba Tleer; but the others
new and either considered allied to M. Zaechariensis Sap. and M. arguta
Sap. of the beds at Aix in Provence, or described under the names
. Copeana, M. Dolanderiy, and M. insignis ; of the last, two specimens
are mentioned ; of the other two, only one.  Of Betulaceae, Betnla and
Alnus are represented hy a single species each, Betula dryadum Brongn.
and Alnus Kefersteinii Gipp., both again European forms; cones of the
Iatter are found.  Salicaceae are tolerably abundant, Salix and Populus
being represented by four species each; the four species of Salix are all
identificd as belonging to forms previonsly deseribed from Burope or
Alaska, viz: 8. Lavateri Heer, 8. integra Gipp., S. medie Heer, and 8.
tarians Gipp.; one speeies of Populus is referred to . latior Al Br., of
the variety represented by Heer as denticulata ; two others are consid-
ered new, one belonging to the section of I, glandulifera Ileer; while the
fourth, represented by a large number of leaves, very variable, espe-
cially in size, is considered as identieal with P, Heerii Sap. of the gypsum
beds of Aix.  Finally, of undetermined plants in this group, there is a
species of Trilobium, and a Carpites, deseribed as C. DPealei.

Among the Coniferae there is considerable variety, five species oceur-
ring, of four penera, all hut one of the species represented in the Muro-
pean tlora. There is, first, I'inug palacostrobus ? Lttingsh.; next, well-
preserved branches of Tarodium distichum miocenicum 1leer; and abun-
dant remains of Glyptostrobus Europaeus Heer; as well as two species of -
Bequoia, 8. Langsdorffii Brongn., and 8. «afinis Lesq.  The presence of
the last-named genus is also well attested Ly the remains of gigantic
silicified trunks in an ereet position.

Finally, in the lower orders of plants, the following have been found:
Of the Palms, a large specimen of a Sabal related to Sabal major Ung.
of the European miocene; of the Araceae, Acorus brachystachys eer, first

: described from Spitzenberg; of the Typhaceae, finely-preserved leaves
,s—°f a Typha; of the Naiadaccae, two species of Potamegeton; of the
. Iridaceae, well-preserved leaves of an“Tris; of the Gramineae, two frag-
* ments of leaves of Phragmites; of Yilices, numerous specimens of &

da T—— -
#.° “Hot Springs, Middle Park,” is the locality given in the text of Lesquercux’s Ter-
g&ﬂﬁy Flora, but iu the table, p. 327, it is also credited to Ilorissant.




298 BULLETIN UNITED STATES GEOLOGICAL SURVEY. (Vo VI

single species; of Rhizocarpae, many specimens of Salvinia Alleni, de-
scribed from Florissant and Elko, Nev.; of Musci, Hypnum Haydeni,
likewise known only from this locality ; andof Characeae, two specimens
of a Chara.’

M. Lesquereux has also found large numbers of leaves of a peculiar
plant without any kind of necuration, which is apparently referable to
the Proteeae.

We have thus from 90 to 100 species of plants already recognized from
these Florissant beds, of which nearly half the species belong to the
apetalous exogens.  About 40 of the species are figured in the Tertiary
Flora of Lesquereux,

Acconding to this writer, such an assemblage of plants indicates a
climate like that of the northern shores of the Gulf of Mexico at our
epoch.  “The preponderance of conifers, of shrabs, * * *
of small size, * * *

of trees
gives to the flora a general aspect which recalls
that of the vegetation of uplands or valleys of mountains”  Palns are
almost entirely absent, only a single specimen of one species of Sabal
having oceurred.  “The leaves of some species are extremely numerous,
none of them crumpled, tolded, or rolled, as it driven by currents, but
flat, as if they had been imbedded in the muddy surface of the bottom
when falling from the trees or shrubs along the borders of a lake.”

It is remarkable for the almost complete absence of hard fruits; and
this, with the presence of tlowers, of unripe carpels of elin and maple,
and ot well-preserved branches of Taxodium, which in the living species
“are mostly detached and thrown upon the ground in winter timne or
early spring,” led Mr. Lesquerenx to believe that thie deposition of the
vegetable materials took place in the spring time, and that the lake
gradually dried during summer.

To this we may add that the oceurrence of Acorus, of Typha, and es-
pecially of Potamogeton, leads to the conclusion that the water of the
lake was fresh, and not saline or brackish, equally proved by the tish,
according to Cope, and by tho prescence of lurvae of Odonata and other
insects whose earlier stages are passed only in fresh water.

Neither the groups of fishes which have been found, nor the water-
plants, the water-insects, nor the Planorbis exclude Mr. Lesquereux’s
suggestion of the aunual drying of the body of the lake. Moreover, cer-
tain thin layers are found overlying coarser deposits, which are sun-
cracked through and through; but on the other hand the thickness of
the paper shales, upon which most of the fossil remains are found, and
which are composed of uniform layers of triturated tlakes of volcanic
products, being necessarily the result of the long-continued action of
water, exclades this idea. The structure of the rocks rather indicates
a quiet deposition of the materials in an unrufiled lake through-long
periods, interrupted at intervals Ly the influx of new lava-flows or the
burying of the bottom sedimeunts bencath heavy showers of volcanic
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The testimony of the few fishes to the climate of the time is not unlike
that of the plants, suggesting a climate, as Professor Cope informs me,
like that at present found in latitude 35° in the United States; while
the insects, from which, when they are completely studicd, we may cer-
tainly draw more definite conclusions, appear from their general ensem-
ble to prove a somewhat warmer climate. White ants are essentially
a tropical family, ouly one or two out of ¢ighty known species oceurring
north of latitude 402,  In North America only three have been recorded
north of the border of the Gulf of Mexico, excepting on the Pacific coast,
where one or two more extend as far as San I'rancisco.  Two species,
both belonging to the second section, are found in the valleys Lelow
Florissant, in 392 north latitude. Florissant itself is situated 2,500
meters above the sea, and the presence of so consideriable a number of
white ants embedded in its shales is indicative of a much warmer climate
at the time of their entombment than the locality now enjoys. Investi-
gation of other forms increases the weight of this evidence at every
step, for nearly all the species (very few, certainly, as yet) which have
heen earefully studied are found to e tropical or subtropical in natuve.
As, however, most of those studied have been selected for some strik-
ing feature, too much weight should not be given to this evidence.

As noted above, the superabundance of specimens of single species
of plants (Planera and Myrica) is repeated in the inscots, where certain
species of Tormicidae among Iymenoptera, of Bibionidae among Dip-
tera, of Cercopida and of Alydina among Iemiptera are to be counted
by fifties and hundreds. )

The only other general feature which may already be noted among
the insects is an unexpected paucity of aquatic larvae or the imagos of
water-insects.  ITardly a dozen neuropterous larvae have come to hand,:
very few aquatic Hemiptera in any stage, and of Iydrophilidae and other
water-beetles no great number. The paucity of neuropterous larvae is
the more remarkable from the abundance of Phryganidae, while not a
a single larva-case has been found. N

As to the age of these deposits, the opinions of Mr. Lesquereux, based
on the study of tertiary plants, and of Professor Cope, drawn f{rom his
knowledge of tertiary fishes, are far more harmonious than one would
expect from their known divergence of view concerning the testimony
of the fossils to the age of other tertiary beds in the West. Such dis-
parity of ideas did hold at first, Mr. Lesquereux maintaining in his ear-
lier notices of the flora the probability of its later miocenc age; in the
Tertiary FFlora he placed it in the ¢ Upper Green River” division of his
“fourth group,” together with the flora of Elko, Nev., the Green River
beds being placed directly beneath them. In Hayden's report for 1876
he refers the IMlorissant deposits to the upper miocene. In his review
of Saportw’s Monde des Plantes,* while still considering it as miocene,
he points out certain important relations which it bears to the flora of
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Aix, in Provence, considered as eocene. But now, after a more carcful
revision, drawn from more extended sources, he writes that while, by
the presence of many genera, *there is an evident relation of the Floris-
sant flora with that of the European miocene, yet by the aflinities and
even identity of some of the species with those of the tlora of the gyp-
sum of Aix, which, accordinug to Saporta, includes types related to those
of the whole extent of the tertiuries from the upper cretaceons to the
oligocene and above, I should rather refer this group to the lower mio-
cene or oligocene.”

Both Lesquereux and Cope agree in placing the I‘lonxq‘mt heds at the
same horizon as those of Elko, Nev., and also those direetly helow the
Tish-cut beds at Green River, Wyoming. Lesquercux has ideuntical
species also from White river, Colo., among specimens contnunicated by
AMr. Denton.  Cope calls the Florissant and Elko deposits the Amyzon
beds, from the prevalence of that type of fish, and refers them to the
¢later eocene or early miocene.”

Mr. Clarence King places the Green River deposits in the middle
eocene, but considers the Elko deposits of the same age.

We may therefore provisionally conclude, from the cvidence aftorded
by the plants and vertebrates, that the Florissant beds belong in or near
the oligocene.

At present no geological conclusions can be drawn from what is known
of the insects. So far as specific and generic determination has pro-
ceeded, nothing identical has been found in the Green River and Floris-
sant beds, but some remarkable affinities have been noticed. Toattempt,
Lowever, to draw any conclusion as to the age of either of these deposits,
and especially of that of Ilorissant, before a closer examination is made,
would be folly. The entire series of fossil insects from the beds of Aix,
‘Oeningen, acd Radoboj requires a carerul generic revision, the Coleop-
tera alone, perhaps, excepted, and until this is done it will be difficult
to make much use of the information given us in the works of European
authors. Thisshould not be considered as reflecting upon the character
of these works, for it must be remembered that they were nearly all
completed thirty years ago and could not be expeeted to meet present
demands. It is, indeed, not impossible that the richer American fields,
the exploitation of which has only just begun, may yet be found the best
basis for the study of the relationship of the tertiary insect faunas of
Euarope.
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